INTRODUCTION
Salmonella enterica subsp. enterica (S.) serovar Enteritidis has emerged worldwide as the most common bacteria isolated from human salmonellosis [1] , and infections have occurred in Brazil since 1990s [2] . Since S. Enteritidis has a wide range of animal reservoirs and a high spread potential, improvements in epidemiological surveillance are currently necessary. In this sense, accurate characterization is crucial to differentiate pathogenic strains from less-pathogenic ones, as well as to study strain origin, evolution and major infection routes, which will direct preventive and control measures.
Phage typing is the method of choice for S. Enteritidis characterization. However, because of the predominance of some phage types [3] [4] [5] , molecular typing became important for strain characterization and has been associated with the traditional phenotypic methods to improve discriminatory power. A range of these molecular approaches is available for such investigation [6] [7] [8] [9] and there is consensus on the use of pulsed-field gel electrophoresis (PFGE) as a standard typing approach for genotyping [10] . However, PFGE is technically demanding and time-consuming.
Amplified-fragment length polymorphism (AFLP) typing presents a high power of strain discrimination [11] , although the detection of DNA amplification fragments must be performed in polyacrylamide gels or by means of the analysis of fluorescent labeled fragments on automated DNA sequencer. A singleenzyme approach to AFLP (SE-AFLP) may constitute an alternative, since genomic DNA is digested with a restriction enzyme followed by selective amplification of a subset of fragments. These resulting PCR-amplified DNA fragments are less complex and can be analyzed by agarose gel electrophoresis [12] [13] . SE-AFLP has been widely used for typing of different bacterial pathogens [14] [15] [16] [17] and some Salmonella serovars [18] [19] , but there are no reports of SE-AFLP use to analyze comprehensive S. Enteritidis strain collections. In the present study, an SE-AFLP protocol was standardized and evaluated for the characterization of S. Enteritidis isolates from different sources.
MATERIALS AND METHODS

Bacterial isolates
A total of 114 strains of S. enterica were analyzed in this study (Table 1) . S. Enteritidis from poultry, swine, food and humans were isolated from 1995 up to 2003 in Southern Brazil (State of Rio Grande do Sul). Food and human strains were isolated from salmonellosis outbreaks reported in Rio Grande do Sul and were kindly supplied by the government surveillance service (FEPPS, IPB, LACEN/RS). We also included some S. Enteritidis strains isolated from unknown sources and year of isolation in other countries. S. Enteritidis ATCC 13076 was used as SE-AFLP pattern control.
DNA extraction
Bacterial cultures grown overnight in brain and heart infusion at 37°C were used for genomic DNA extraction by cetyltrimethylammonium bromide (CTAB) method [20] . The DNA was precipitated and resuspended in 100 mL TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) and the concentration and quality of the samples were determined by absorbance readings at 260 and 280 nm.
Restriction endonuclease digestion and ligation of oligonucleotides adapters
An aliquot containing 4 mg of DNA was digested at 37°C for 3 h with 2 U of HindIII 1 in 10 mM TrisHCl pH 8.5, 10 mM MgCl 2 , 100 mM KCl, 0.1 mg/mL BSA in a final volume of 50 mL. DNA fragments were precipitated and resuspended in TE buffer. A 5 mL digested DNA aliquot was used in a ligation reaction containing 1 U of T4 DNA ligase 1 , ligase buffer (40 mM Tris-HCl, 10 mM MgCl 2 , 10 mM DTT, 0.5 mM ATP, pH 7.8) and 0.2 mg of each oligonucleotide adapters 2 [21] in a final volume of 20 mL at 16°C for 4 h. The ligated DNA was precipitated with 2.5 mM ammonium acetate and absolute ethanol, washed with 70% ethanol and resuspended in 50 mL of TE buffer.
PCR amplifications
The PCR assays were performed in a DNA thermal cycler 3 . Primers 2 [21] were complementary to the adapter sequence, differing in the 3' final' base (A, T, C or G). These primers were called HI-A, HI-T, HI-C and HI-G, respectively. The PCR mixture contained the reaction buffer (50 mM KCl, 10 mM Tris-HCl, pH 8.0), 2.5 mM or 3.0 mM MgCl 2 5 , 20 pmol of a single primer, 200 mM of each dNTP 4 , 1 U of Taq DNA polymerase 5 , 5 mL of ligated DNA as template and distilled water in a total volume of 25 mL. The reaction mixture was amplified under the following conditions: an initial denaturing step of 94°C for 4 min, followed by 36 cycles of 94°C for 1 min, 57°C for 1 min and 72°C for 2.5 min. Amplified fragments were separated by electrophoresis in a 1.5% (wt/vol) agarose gel 1 in Tris-borate buffer (0.045 M Tris-borate, 0.001M EDTA). Gel was stained with ethidium bromide 1 (0.5 mg/mL) and registered by digital image capturing system 6 . PCR reactions with each primer were repeated to assess the reproducibility of SE-AFLP patterns.
RESULTS
SE-AFLP analysis evaluated DNA segments obtained from HindIII digestion, which were distributed all over the Salmonella genome. The adapter oligonucleotides used were complementary sequences to HindIII fragments that were ligated to each end of the restriction fragment and were tagged to PCR amplification. Subsets of the ligated fragments were selectively amplified, since the primers used had one additional nucleotide (A, T, G or C) as the final 3' base, which extended into the restriction fragment.
For PCR analysis, MgCl 2 concentrations of 2.0, 2.5 and 3.0 mM were initially tested with each primer. Primers HI-C, HI-T and HI-A displayed better amplification patterns using 2.5 mM MgCl 2 in the PCR reaction, while primer HI-G gave better results with 3.0 mM MgCl 2 . These PCR conditions were applied to the remaining Salmonella strains.
In an initial screening, randomly selected S. Enteritidis cultures were used to assess the suitability of the four selective primers according to quality of the amplified fragments. Each strain was analyzed using one single primer PCR-reaction and each primer tested produced reasonably well-defined banding patterns (data not shown). However, primer HI-A produced few bands, making comparative analysis difficult. So, the remaining primers were selected for further evaluations.
Although there were a number of shared bands, S. Enteritidis genotypes could be distinguished from other Salmonella serovars by the polymorphism in the number and length of the amplification products ( Figure 1 dominant pattern was found in the majority of the strains and designated HI-G1, while the remaining patterns were identified in a strain from Tanzania (HI-G2) and in an isolate from swine (HI-G3). Analysis with primer HI-T produced a predominant pattern (HI-T1) and also two alternative profiles: HI-T2 in a strain from Italy, and HI-T3 in an isolate from swine. Primer HI-C displayed a predominant pattern (HI-C1), the HI-C2 pattern in a poultry strain, and HI-C3 in one isolate from swine ( Figure 2 ). All primers tested clustered the strains from human outbreaks in the predominant SE-AFLP pattern, as well as most of the strains from poultry. Furthermore, the alternative genotypes were identified only in the strains from the other sources and none in the strains related to human outbreaks. S. Enteritidis ATCC 13076 displayed the predominant SE-AFLP pattern found with each primer. Table 1 shows the SE-AFLP patterns found in the Salmonella strains analyzed.
All SE-AFLP patterns were reproducible. DNA from strains that showed alternative patterns were reextracted, ligated and amplified. Identical banding profiles were obtained from these strains. 
DISCUSSION
The present study describes the application of SE-AFLP protocol for genotyping S. Enteritidis strains isolated from different sources in Brazil. S. Enteritidis infections are worldwide associated with the consumption of S. Enteritidis contaminated poultry-derived products [5, 22] . In Brazil, S. Enteritidis outbreaks are probably related to the high incidence of this pathogen in broiler chickens [23] , and most of the occurrences reported were associated with poultry products, mainly eggs [24] [25] . This is why the majority of the strains analyzed in the present study were isolated from poultry. In order to test the ability of SE-AFLP in strain characterization, S. Enteritidis isolates from other countries were also included, since they are probably unrelated to the Brazilian strains. Although Salmonella serovars have been typed by this method in previous studies [18] [19] , few strains were tested. In the present study, we proposed the analysis of a large number of samples, including strains isolated from different sources and years.
Using SE-AFLP based on primers HI-G, HI-C and HI-T, most S. Enteritidis strains displayed a predominant genotype, found in 106 strains. In addition, some strains that shared the same pattern with one primer could be distinguished by another primer. Although previous studies choose one primer only to test bacterial strains by SE-AFLP [19, 21] , the present study verified that the analysis with different primers by SE-AFLP might produce alternative patterns from the same strain.
As expected, the SE-AFLP approach was able to distinguish S. Enteritidis from the other Salmonella enterica serovars analyzed. Differences between S. Enteritidis pattern and other Salmonella serovars have been found in a previous application of SE-AFLP [18] , suggesting the reliability of this approach for Salmonella typing.
The S. Enteritidis strain isolated from swine had alternative SE-AFLP patterns (HI-T3, HI-G3 and HI-C3), which were different from those found in poultry strains. Although only one porcine strain was analyzed, a different species could spread clones different from those found in poultry. On the other hand, all S. Enteritidis strains from salmonellosis outbreaks displayed the same predominant pattern found in the strains isolated from other sources. Since strains from human outbreaks and the strains from the other sources shared the same genotype, probably the same clone was dispersed causing infections in both poultry and humans. Furthermore, the predominant SE-AFLP genotype identified in Brazilian strains was also found in the majority of the S. Enteritidis isolated from European and African countries analyzed. This observation can indicate that a predominant clone is spread worldwide. As previously reported, S. Enteritidis shows a highly clonal population structure [6, 26] , which may be the result of modern poultry farming practices and drove the clonal expansion of a single isolate following its introduction into breeding lines through international trade [27, 28] . In Brazil, the increase of S. Enteritidis has been associated to the rise of phage type (PT) 4 [3] , the clonal structure of which has been reported [6, 26] . Since PT4 is also predominant in Southern Brazil [29] , it is possible that the present SE-AFLP results confirmed this assumption. Overall, only very accurate approaches may be able to detect minor differences in these strains.
Different molecular approaches have been reported for S. Enteritidis typing. Currently, the most reliable and effective approach for Salmonella spp. characterization in epidemiological investigations is a combination of different methods [6] [7] [8] [9] 26, 30] . PCR-based approaches are usually adopted by smaller laboratories, but random amplified polymorphic DNA (RAPD) analysis have displayed non-reproducible patterns and inconsistent band intensity [30] , and limited discriminatory power has also been reported in repetitive sequence polymerase chain reaction (Rep-PCR) analysis [8] . AFLP has been recorded as highly discriminatory and reproducible [11] , although the complexity of the patterns obtained needs to be resolved on acrylamide gels or analysis of fluorescent labeling on automated DNA sequencer. On the other hand, PFGE has been the most consistently standardized method for S. Enteritidis genotyping [10] , although it is more expensive and timeconsuming than PCR-based approaches, which has limited its use. The present study aimed to test SE-AFLP as an alternative approach to PFGE and the original AFLP methodology.
SE-AFLP analysis provides a means for examining DNA segments distributed over the entire Salmonella genome, which is advantageous over other methods that evaluate specific genomic sites, as rep-PCR approach [8, 31] . Furthermore, multiple bands obtained with this approach are derived from all over the genome, which prevents over interpretation due to point mutations or single-locus recombinations that may affect other genotypic characteristics [11] . Reproducibility is an essential property of molecular approaches. In the present work, the S. Enteritidis strains analyzed were proven to exhibit identical SE-AFLP patterns following DNA re-extraction, which confirmed that the approach was reproducible. Furthermore, SE-AFLP used stringent PCR conditions that minimized the lack of reproducibility commonly observed in RAPD analysis.
In the present study, not all tagged fragments were amplified by PCR, allowing to visualize the results after electrophoresis in agarose gels. SE-AFLP was relatively simpler and cheaper than AFLP and PFGE, although it did not afford sufficient sensitivity to differentiate the S. Enteritidis strains analyzed. Other researchers previously demonstrated different S. Enteritidis strains sharing the same SE-AFLP pattern; however, the number of strains analyzed was small [10] . This approach displayed less diversity than PFGE in Salmonella Typhimurium analyses, although some of these strains were epidemiologically related [19] . It is important to remember that clonal populations are also found in S. Typhimurium associated to the appearance of antimicrobial resistance [28] . On the other hand, SE-AFLP was able to distinguish non-clonally related bacteria, as Clostridium perfringens [14] , Klebsiella pneumoniae [15] , Pasteurella multocida [16] , Campylobacter jejuni [17] and Helicobacter pylori [21] .
In order to improve the discriminatory power of SE-AFLP, a mixture of the four primers in the same PCR reaction has allowed a more complex and discriminative pattern of bands in S. Enteritidis and S. Typhimurium genotyping [32] . More detailed characterization may be obtained by fluorescent AFLP (FAFLP), using two restriction enzymes and fluorescent labeled primers, the amplification fragments of which are detected on automated DNA sequencers. This approach was able to generate distinct profiles in different phage types of S. Enteritidis [33] including PT4 [34] . FAFLP also displayed a high discriminatory power with different Salmonella serovars [35] . Furthermore, restriction enzymes other than HindIII might produce different fingerprinting. The fingerprintings obtained with DNA restriction by PstI, NheI, EcoRI and XbaI followed by ligation with the appropriate adapters and PCR amplification maximized the SE-AFLP discriminatory power in Klebsiella pneumoniae [15] .
Nowadays, epidemiological investigations of S. Enteritidis include subtyping by molecular approaches, since the phenotypic methods may be unable to find minor differences present in the same strain. In the present study, SE-AFLP displayed reproducible banding patterns, although most of the strains shared a predominant SE-AFLP genotype. The low genetic diversity suggests that the strains analyzed are clonally related. In order to definitively assess SE-AFLP use for S. Enteritidis genotyping, further studies using the same strains must compare the SE-AFLP results with the ones generated by other molecular approaches.
CONCLUSION
SE-AFLP analysis provided a simple approach for typing Salmonella, producing reproducible banding patterns. This approach was able to distinguish the S. enterica serovars tested. However, most of S. Enteritidis strains isolated from poultry shared a predominant SE-AFLP pattern, which was also found in strains isolated from salmonellosis outbreaks and from other countries. The present findings suggest that most of strains analyzed are clonally related and this predominant genotype is widely spread. Further analysis will have to compare SE-AFLP with other typing methods to assess the discriminatory power of the different methods for S. Enteritidis characterization.
